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ABSTRACT e s

The resulis of efforts to increase the bandwidth of a singlie magnetic k
recording channel tc include 20 %o 5x106 ¢ps are reporteds This program -
consisted of experimental work almed directly at the problem and both
experimental and theoretical studies aimed at furthering basic knowledge

" of magnetic recording. . T
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- Present efforts have. resulied in marginal recerd and playback of 1.4 me B
~ using a Ferroxcube YIT head and Plastic tape moving at 1 000 inches per
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It is des "ed that the art of recording be advanced far beyond

e B

s present state S0 2as to ultlmatel},r pemt the construcmon of
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by wh_.r‘h the bandmd+h of magnetic recgrdmg could be sxpanded. An
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A bl'bliograpkj of maggetlc record:.ng is given 4in Appendix E.
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computer -membry' devices and deiay_unitﬁ_b w_h:q.ch have excéeded_' the audio

§ . ... vends in wpper freauency reauirenenits, if ot §h pilso repsvition vater |
; f{{;z N "~ In 'genexral, ‘uhe audio applicati ons have the ..ommn charac.teris ic tha'o_ -{f:%}_,
- - —the head and recoird medium are in physical e?cn-’r;act'o On “che'uther- -hand"- )

T‘ ) - '. . 1n SPGCIal apphcat'lons QOth h“‘dub ..n contact and spaced heads have beerv _ ‘ SR (g
"'.j:’“%'f:?-ﬁ _ u‘?sed The at‘bempts to make use of cpaced heads have been in connectlon ‘_
s : T . _ )

Y. T T widn g imdgrietic’ Storage Systems which ha}‘fil - ért‘ Ecciaa i
1 DR L7 T Magnebic media f£all into tim ;T:;uegorz.es '3 magne' e o
_ povder s, magnetic platings, and solid magnetic -materialse The pewders
and platings must be supported by some I’lgld or nonsrigid material which .
1 cel T is usually non-magnetica vhile the solid magnebtic materials are self- .
‘ - S suPPf'r@lﬂg_o_ Thé magnetic Powders. arelr*onsld . to-have t;he,,m hesto ~ o

resolutn.on (best short wavelen:rth Y’esponse) but ha.vé a lower enerby

ij A storage.  The powders are ususlly coated on paper or plastic tape using
i, a non-magnetic :b,i:nderg
[}
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B - S .
% B - REST RICTE J
;:j - - The heads used for most pPresent day appl:_cat.;.ons are L
; : the "“open type®, éafjfémea oecat/xse the head stmcture does not surmund i
‘g - - the med:i. e  Almast all magnetic recording is 'ﬁlonza.tudlna" " therefora - }
/5 the plane of the gap in the hea p s ‘transverse to. thc dlrectf?:jjt"~ = '_:_;_i Propgg o=
%l SR mﬂvﬁs of the m?dl‘!m!-” In "16ng1tud1na.1ﬁ -;eé:c:rdzn,g the average :t‘::.eld due J
i
»E to the h head travels from one g3p edge to the other in 2z u;rectacn Wh§q@1‘ o ;%
] §: e is parallel (or an‘tlmpd’all.el.) to ttze dlre:;..mn of ~_otian ef the medlum. ;
f This is to be contrasted with transverse recurdlng in which, the. twa,&idaaw&w»ﬁ-*%
ek Tt of the gap are ofx onpes:Lte smdes of the ‘medivm ang tha recgrding field - - — ‘: AJEM
. B ”f 'l o pnsé;;ud:fgaéﬁn&he_;;é;ﬁm essentially perpendicular to the directlon of e ) ;
i ‘ mwotion of the medium. ‘The head structure is usual]y a smgle lamlndtion ’ ] . i!
é ) bent into a "G with the sdges B ferming tne cap or aplamnnnzzeu‘{az bbaCK jf; "??
Rt é} L of laminétions)f the . plane of which'is perpendlcular to. the plane of the T
" | N gap. These neads are satisfactory for use at audio frequencies but a’t o
- : A - higher freq 1emues éddy 2urrent, losses ‘become mrportanu. P ﬁkfkﬂb -
;]m L S 7’:; T «,M\_A‘large ;;l;m;t;r éé—;nechahical drives for magnetic - .
5 ﬁ - L reooramg ‘have. beer b ui«:'%;f:f?aﬁgi"i"f”?;ﬁfﬁl ua.hty systexns w‘.g’r?i :;; =
g - ‘complig@gqi systems with exc : 2 :,’T;hér; ﬁag mt I 4}"
1;§ o been much work bn'ﬁigh speed. drives except og Totating drumghusigg'r ;;
‘gﬁ spaced reads and perhaps iselated speCLal applications., . . gﬁ,
1 E ( Very important to the ueld of magnetic recording have ’ -
Ui besn investigations of the more general angd f;mdaméntal aspegtg g — o “uw
g e o magneblgmj _Theo ir, of the Pundamentsl mechanisms of magnetz.sm are | nf )
gg still not firmly estah;ighed, although g nimber of enpirzealqy derive@. - 'gl
, | - rules are uged to practical adw, antage. These rulps do not, permit - P
l @f‘ theoretical extension into new regmns with any certainty. - - R T
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R “be Previous ? ork Accmmlished ab Amou_ _Besearch Pmmdatmn °j
4 ) ' 2
{ (1) “...hh Frequencv }éggaétic; Testers F
% - Design cansidsr tions and some constltuctlo}n for B ?
? - “an in‘._'e*s'i;'igaﬁ;.iu. m core -nauer:..al prqpe;tles at h;,ga i‘requenues started -
= ;ﬁ;%* S R r:-.:;*v : -this project. In this w;;k vaich was roun&é.%mn sgonsored . - o
e
%‘” it was planned to J,,nvestlgate properhes in the range af 2. to 80 KC
o e
L . - (normal bias and érase frequenc:.es for magneuc reooramg) " Provision . |
3T . . : -
i’., o ) ’ was to be made for testing materials at high inductions. approacblna
% s b _ saturatmn and to make. mem':ﬁ emen':h;;s‘;;g.;ih wv'lds.s. flt;x ;v:v';;es i‘.,.,zz': _ o _:M_, :
-é L Whi"h it WOqu “’9 POSSlble ‘tQ de?@:m;ln& narame.t.ena relating effestive - - -
gj - pem‘xeability a,m__i- ldss-. per unit *.'.blvme to the freq.uency’ and inductio-n.
| ,f} : ) \2) 60 _Cycle Hysteresis Lucp Tracer . . T P
2 ) A - ~ Tt L
J?é' @, T e A hysteresis leep tracer des:mgnea and bmlt “hy . 7
;i? . Do B. Wiegand and Wo W. Hansen -(AQIO:E@E.. Trans., 65 1947), hias been L 1
i3 o .
‘i S used for det&mming the magnetm pivperties of small samples such as - e
il e " magnetic r record:mg mréé ‘and ‘tapes. ‘The ins t_rm.nent _dge;ré’ées at.”*;;am;;w;z: R iR
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"‘9 aPElled wa.thopib QueSI;lO!L_‘tO_dbera_‘l’lon_n:l-,mnnh ‘higher £r v\iwucwm Cp e o

papér describing this instrum’en m&y be found in Appendnx c o Report No-._

50~783-3 sf this project. As a resul t of wurk with this wstrmnent the

Foundation was able to develep a 'nr"ber* of correlatlons between B -==H

curves and perrormance fac'r.ors (ease of erase transfer proper b:n.as

.k,_;f;‘:i“?g!%*i&(}ygg(@; cps)i. and, therefore, .dees not.gi ea:‘.':ni-‘ez:wmvie& ?.’hz.v}*“-"w ———

nagristic recordlng mediums (magnetic powda-rs 18-8 alloy i‘or wires, coee o K

plated nickel-cobalt)e
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Bd . ~ (3) . Theoretical Works N ]
%é = S Theoretical analyses of demagnetization effects ‘
P | in m_agnetj:c recording have bzen made for wire by Camras (.Aa;li.eE.-Ee Trans.?
§ e s TE T ‘66; ";‘,5’7; , 1 9&7) and for tapes ‘e;.f Testein and Gilbert ﬁ(‘f’mge‘-t 1“:*,::—96-61;81&: |
f‘: A " Con;tréct ‘NL71 s-85154). These ana.,yses 1nvolve idealiz at_igig which are T :
13 C e : ] not valid at very -short- v;:—lér‘~‘6hs andt;xéei‘re are riot reliable for - - -
i ] - .
*;:ﬁ iwei o _Shord, wavelength. predl_c_tims U [ R N“Ji__M
V e - Hamon.lc ana..yses carfféd out by Camras (Proc. I.ReB. : :
e _ , £ P
L 37, 569 19k9) and Zemner (Procs I.ReEe, 39, Moo 2, I951) have been sie T
N !
-k specifically anrecteu towards explaining the effect of bias used §§;"‘_“__mm_uﬁ‘}uuﬁ
:f — magnetic reocrdinge. The latter paper is more general and,, hence; is more
. | adaptab.l.e to Durther developmente T Tmon o T o
R Tné heory o:t' playback phenomena. is, in contraat i

o
t; >~

) _

L to record phenomena mor ..l...getely Knowhs ‘the d;fiorenm.al equatlox

: ) and bomdary conditions Whlbh relate t,he distribution of magnetlzar.lon

R R 1 ﬂﬁ.e reco _o’.- .,.nd‘ the *“‘mr dlst ution in ‘bhe _p:'h-cka-ﬂ_lp;_-qga'_,l__arei .-lg_'no?:v_ng. -
7 _ This d‘a fferent:al equatlon has onen solved for a rSp'e,cigali;zed.éét' of
o G L AP X ENEE T T RSy . S ———— : o S = =
boundary condl‘m ons. The solutlon appears as 2 smg.Le mteeral rela’r,mv I
i R s NS e e e e e ; B D
Lt

the outp ut voltage te the magr\etn.zatmr in the-regard, Thi:s solution -
was Gbtained by Ekstein and Gilbert in the wrk mentioned .Bre;mgsazy,;_ SR M

The solution is capable of appllcatlon or extension to somewhat more .

: £
- %
L

“ | " genersl situations ‘than those for which it was deriwed. Mr, Cabwas has -
o M:__g s v A .perfo med a @Jm;lar a.nalys:.s for clooed tyDe w:_enﬂeﬁaﬂ.;is (?}:;;. ]}__;R_.{E. §_L e w
i e 567, 19L9). : , S . ‘:
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SR O ‘-_e,corek mate f‘,i;ﬁ - ordinevily real” Gusi 11:1es “are made compley quantities.

~ _— oA W M e O e ] Pt e s - om0 o T T T .
B i
— (L) Experimental York with Mickel-Cobalt Plating b
—— - - . - . ) i ‘ - y ’- -l;‘ ‘g
T .. Nickelw-cobalt plating on wire, -tspe and rigid .. .
backmg» has been investigated as a magne‘.r:u, reécording medmmm the %ﬂ .

audio range and for special ins:trimenta_igioh applica,téi_on‘s at sd;newhg:b ;

pr

“"‘higu frequenciss. AL thé Fourdation some “work-was do ie”'unde canm-a:_:t‘
(NObsr-4i2251) using a nickel-cobalt ul_x.vg 2le¢tro-plated on the edge of

2 brass d:.sk six inches in dlame'ter driven at speeds as great as 7500 rpm.

Usi‘ng ring type low impedance heads and 15 milliwatts of recording pOWéIT, 3

_Q@etectable s:.gr-als 2s high as 200 KC -were. recorded and played -back *"—f—.&aﬁa = e
a laver test an audio s:.gnal was recc‘wd m.th the disk rota ting at a -
. -low speed and p.Laye—d back at very h;igh '=peedsa h Th; :signai;a; cié:*cectable
&t speeds wh:.ch .ga_ve ‘blayback frequencies up te 800 kc. | o
SRR ....:‘k-Acccmgl’ishuu*um-uxg this Gomtrges T T E&
. : - - W

: a. Extension of Fundamental Magnet:.c Knowledge

(1) Tiieareta.qél Ana]ysw

Various met.hods of expressn_ng t‘qe a-c prepertieu

8 oq

e v
<

PR —

of core materlaéls have bee usei < The mest ,,Qmmon c'vstem hdq bpﬁn the—-"se»——ﬁ——- ‘ 1==

r ﬁg#ﬂb
-2 S

of "effective a-¢ meabllrby" and "watts per pound™ u.'lit-Sé In this
pro.}ec a system m parameters of a morn basgie natunie and more CC“‘;HIuen ST

‘E‘o use in anparatus dps...gn were derived.

e a STE T ot e i N L e i h e

“ et - T e 8 o e

. . " The pemeablllty {; /u) and reluctivit ty (V) of

AN e et Mo

By this means, .éqtiétions for ma'gnétic circuit's can be Wx'itten in éomplex
form,  and the phase afgle age %ually ex:.st:mg between flu“@@ voltages and

currentss w:Lll be properly 1nd1cated by t‘:e equatlons.
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P ° - - T 2
L S R =
;’ : D o e e = RS T R T CTE D &
) é:\ : , The complex quantities M and v a:cte-d.efihed,~~-»~--_ — —ﬁ—!
% by comsidering a ring of magnetic materiat having a uniform crcss s‘*ction e " i
¥ ' I 3
# o S oo TR Ee
. . a, mean length, J? + This is linked by.a ’caroidal vnnda,m of ’\I t.urns j
g having megligible res istance exclied by 23 tematlng cu"frent of m/ 2n cycles f
;;1; per secondo The core parameters are "eqvired to sat:.sfy the fol.;mving ;
ER L - (xS
5 ; conoitions- J.f the core material is < a loss-less material such as free
i space the current, I and 1lux Ba, are in phase, and conh Jag the R b
) 7 .
| § ‘ terminal voltage, V, by 5@ degrees. Under this cond:.‘blon /Ui and V must
?% degenerate «t;mreal valuese If lgsseas are Fe present in the cors, the cx_,r_rentf: oo e
g-:" - .
L lags the voltage by an angle less than 90 dsgrees, but an exact quadrature i
3 . relation exists bé*bween th’e £flux and wltage, as before. 7 —
{ - 7
: The parameters have the follmna complex form ¢
K ] o e ) 5
¥ - ) T,/.’-‘ ¥ -+‘j[/_ and /M - U: + im0 (v e
; (b) : o > e [~ e oo T V.
) where 7 - L
- : L/x, Vr» 4 and /u are real numbe:c*se - _ o s v
Using the fmdamental “emnreca; rélation between M and V' ylelds the M R Y
T follmmnm conversicn equam_ons, T oo e
S w——fi’— - V : o o .
/ur ‘/ 2 -;-5 V 2 o BT ey -
- 7 - - e TUEREy T
M‘m' . 'I‘he adm:.ttance at the coil term.um.s is given bv L e e ]
- - - g\Vr"JV ) , : _ -
4 S 3 - N’g wa ,19 mhog ' o __\_3;)“ U
PO T T e e R The J.mpedance can be axpressed in tezms of /4 &s,,
1 — o hoq o N‘ o
: , ) Z =77 (/14 M) 1077 ohms, ) yr(&:)f
C |
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" The ocmpone:;bs of‘ i ‘é.nd V’ can ’oe de'hem:med

_ by measuring the complex admittance o impedance of the soil. An 8«6

S

- bridge, used to measure the coil impedance, is subject to special Teguire=

: : ments due to the high flux densitiss 'é'nd' sinusoidal exci tirg “oltage B

— I . ~recm1red.= The mpedénce‘m the brlage afm inserted between ‘bhe generat

and the sample must be 10:«' compared to the sample and the bridge components

- woo- must withstand ~reiatifv;é1~ high voltages and currentso I number of brldﬂe

P L Ly oy

comings;” experlmental ev:Ldenne Wo“’ci be necessn'ﬂy m determ.me the best

-enfiguration in this appln_catione B .

(b) Relatlon Be‘tween the n@gnetlzatmn of & \ 7 o
' Ferromagnet and 'the Ap liea Pie.t.d S .

£y ' | " An attempt has b'ee1 made to aenermme a zeneral j ‘/si'
o ¥ T - o - L E i B . _ ]

= : relation bet:ﬁeen the ma‘gnetiza[tion of a fermmagnet and the applled field

o -

for a uniform ;ield of arbitrav'y tine dependenne since this. re.,.atlon is

e ‘ﬁndamentual‘ to inagnefbic réco'rdfing'e - The relation between the magnetlzatlon

o , . M at t:unev:t_ may depend upon alle of ﬂam 11.,\,3, which H has~ assude in the '

B -‘_.;.

ec'l'
ﬁ
C
11"

- whnere U =072t the- 1as.,' ‘cime ri exceeaed the saturs~

t:.on field H s This fact is e@ressed ma hematicelly by saying that

M ;Ls a fun‘ctional of B(¢), or, ' o - -

. e e R

- T m iG] . D=t : ' ',(5.)
9 o ‘ — . \NAud

L " - A >

The ob;;ec‘t of the theov tlcal an g.Xs;ijS\_i to reduce the. oep_erg:'l eXpression - - — i

- wa - =

above t-o 2 more specn.fzc and useful i‘ormc The 7deSired functionai will

T , .obvmuslv 'be non-linear. To obtain an insight 1n‘bo the character of this

i‘unct).onal “five mode,ls based on ferromagnetn.c mater

4 LN
. o

R

1als wh:;.eh consist fo;fr

e

L

b .
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§ zf ‘ dispersions of single domain ferremagnetic particles ia a mnmaen@t:ac matri,x R ‘i%;
: ; o were consiaerede Tho dispersed partlclPS were assmneu haVe fwo stable” ? )
% : :i.ematlons of magneuzatmn wmch are artiﬂparallel to each other véw’z no , 7 Tg{i
E - eld is nresentv., Tie models chosen were as follows: : S S ;—‘ - -
; - 1S ingl “partlcle__\oriertednarallel m\i‘ielde R R
F A e o - S S S e
: ? ' - _2_1: ba,i;oi;par e = arbrbran],; or er.teu. ’ o '
: & V 2 ‘Dilute dispersion \nomnteracting particles) with axes of stabll:.ty - ;;-% B
3 J—— - of. the individunald “artic1°=~“a~r"3}el Yo the field. o T o ““’ "’§ 7
m | ) I_;_; Dilute dn.spersmn - arbi’cr rily orlented paru:;c_ge‘s.‘ D 1
. & Dispersién with interacting-particiess © S J o
~ - 7;77; The bahavior of the *‘u'st mde’l g@neg&tgga s squm.e___: -
) hysr,eresis 1oon as mllcws- Before 'che field is applied, *bhe magnetic B
3; - moment-2f the pe»;tucle will be in one of two s‘t.able‘ positians. When & i}:i;eid‘,‘ o ,
j - is apphed anti-enarallel to the nmogent, no change will occur until the field %}—
» \‘,) exceeds some crltical ‘magni*"de h, at which the anti-parallel pos it~ i ]
: S - ceases to be a stablv one_a.j At" t—hi—s‘_i;ﬁne the moment of the par o will - w:) :%,j_:rv
I rotate r*p;dly to tne parallel posﬁ: on and o i‘urther g@ange}w%l; -ecour - .‘—,‘;‘1;; s
F o ’mt incregggc‘ir* E‘:} 7 ;f t"z? 'f:flfi _is now 1 axférseda_:me msit:inn oi‘*the ;,,ﬁ.—,,..,.m.r,,:,?f%
N - _-_* ré_ogé};;_vull‘?fg :i__ bnngﬂﬁ unt.a.l t};;A ield has éxc@e«i ;i'phe_lfakme»_a-; S 3
) 7 o a’c wh:.ch time it m.u. agam rgtate v-e.p:Ldly to be parallel wz.t’q the fi ald

thus return;.;ng“ tsg the éi‘;arting position. A functional which will“descifibg

S -  this behavier is, - - PR T — e
7 ml('l‘) =1 [H(t)] = 1/h S B() B (t-t,) dt I ,(55
~ where B (t~t,) is the Dirac &‘:it;“fi;;cz;;;“‘;;;{ %, 5 the last time that | .
H passed ﬁhﬁou@ a ‘cﬁtlcél ,v_alue',_ h or =he - g
) In the second model the axis of the two stable | 1
pos:xtmns is at an angle with respect to the direction 'of the exter,ng; . 4‘
g e T ‘AR :‘JURv REQEARCH 7\0UNDATION QF ILLJNOIS *blS_IJIuJ‘_E,A_QLA_T_;:.c_u_hLQ;:_;\«rvv;_;::__rﬁ e
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field. As the neld is mcreased m value the stable pnsition furthest

C mmemL s e —

l
!
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|
i

kY

|

CIEEERATYRE TPt JthIL T

from the ‘field dir ectlen will roetate towards tk B2 fn.eld and then ‘

. '{‘L_gl\
Vs, ¥

AT

,disappealr (.i.e,e. ‘cf.-:'ase to be sta'ble) "Shén it ulsappeers ';he momen‘t

will "jump" "o the remaim.nn stable nos.lt:un which will be more nearly‘

parallel to the field direction. As the .fl_e_zld increases, the re:uai."li:n'g- - - P

_ stable pos..ion will rothgwnrds ,the- field but Wlll not dlsappeax"a o _ e
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 The magnetizatlon m, of the partlcle w:.l" then approach asymptotically
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i

a value of +1'&s the field is 1'acreased i‘urther (Flge 1. 4 ulmilar
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process occurs when the fleld is reversed and raised to large negat:we = o
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valueao - In ‘thxs se' n appmau 28 t.he value -»l asy*nptotlc‘ .x.ye ~I‘he -
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i‘ur'ctiona.,. f'ru uu;s model 1 mey be e"'prnegﬁeﬁ in t,enmsmm_;the j:nnot-zmamm__, BET
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where: F(x) is an “nspecified fuhection ?'epresentlng ‘bhe curve - (e
i:!ﬁ ’ along Wha.ch m approacnos the af'ymp‘bo te = Lo SRS & /5}

The magnetic. properties of mie third model

- are “cbtained by~ aVeraglng over the magne tic propertles \':f the indivi&uel' _

q:Lngll.e demam part:l.cles mak.mg up the Iﬂudelo These partlcles dlffer

[ .- Al

only 1n the value of ’che ﬂmtlcal field‘_mh _at, whlcﬁagthehmoment_ﬁ_n‘nszwﬁ__m_w»
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dlfferent values csf h requ:.red the moments will not ali flip at onve

and the average effect Will be‘ a devietiqn_fzjg‘in}-_ ,*:,hesguére hysteresis

O sttt

- _ ledp. of - the sinsis > partic 6del Nos 1) The hysteresis icop for the - o

by TP a
- .g.-. ST vilie

- thlrd model 1§ shown in Fig. le Tﬁe-'fﬁ'hctlonal for th:. model is obtalned

e - consxdermg e magnetiz tlon functmnal of an md:.v:\.dua.:. partlcle &8

a Tunction of the.pérame.ten, h, as well as of T and averag-ing "Ov:er the

contributions of particles with different hy
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% W (D) ,,,J my (8,7) n(h) dh | C®)

K'“{.

T TR g e S ST o 5

0 ] :
- . wheres B, (1) is the magnetization functional, n(h) is the '

i ~ relative veiume of particles which have critical f;.elus- .- If
';'.-'i' ~ 1ying bebween h and h + dh, (h T) is 8 fuxiculonal of J
é - T B H(t) for a smg’te ng ic lé "‘ﬁt‘a;. HS_ is i:c—; _ui"‘ix ia"_aam"_ﬂ—:;
g‘ ! This. del gives hysteresis properties which, in certain respeéts,_ rgsgi@?le-
L;l . ~thoseé of ::f'-_t:,'zinf:"‘.}f rﬁaié;‘ials But it still faiis éhbrt‘. 6f;.<iescribf_;ri'g_‘_;, S
E‘ - magnetlc phenomena in nenerél. — U N S
: _ | fhe fourth model is similer to the third ‘
S _ except that the basic_part:.cles cer-resge—._.é t'.: the sécond nodel -P‘;‘.ﬁhef
than the £ irst. In @rryih.g o'u't, the avera aging for this @del 1‘;‘, s?x:‘uldm ',
be noted that the diiff.er;ent single particles which *flip" for a g v:en_ .
- h-'.v‘aiae- may- not have the same reversible magnetic properties. The £ W:?'x.. uf;:n :
L} e (%) in this cuase is assumed to 'represent the 'a_.ve_rag_é- reveré-:‘cble eontribu~ ‘ * W'
; t‘.‘ron of t.e partlcles v\hlcn “fl:.p " at some value of h. Tbe i@}gggis - ‘ _ ‘
loop i‘or tl';i;rx;;c;el ls shown in Fn.g. 1. This model altheugh general i -
eng‘zgh to deseribe some- gf the hyﬂ*eresn.s properties oi‘ actual mata‘ials B
1s not sui'fie.n.ently genera:l.. Tne magnetlza*bz.on funct.mnal for this N
e s de:i“:ﬂl.'s T e S S e e T S T F?‘
_ Hg ' , R '
W, (7) = ( ny(h,T) nfh) dh | (9) o
_ Wh re Mh(T) is the f'u*zctlonal for model h and the cther symbolsvare as_ o
e defined previewslye . _ . . . o
o ... .. The analysis based on the sbove modele is . ... .. _
emp:irn.cal in the sense .,hat only a general form of the fun t_:l;on_a.l':ias |
(N " obtained, - The functions and f'onstani,s must be evaluated bv'iz—_:;r_lé o
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expern,mental data such as the sa buz‘a'la:gqn hysteresis lconv however, these

1
i
W"‘“

data :are not suff:.cmnt w aetermlne the behavmr of a ferramagnet for

¢

. ‘ all possn.ble cho:.ces of the t:Lme depnnden«,e of vhe magn\,tzzmg f:.el

=L

jﬁ ) - Ma.ny i‘unctlcnals Will fit g:,ve“ data but there is no gua:r;, ;{;ae tha't. any N
% cne of them w::.]_l nmnsi'iv predict the behavlor for all combinations. The B
&
§ | pmblem is to determine one of these t‘unct:mnals Whﬁfimll predlct S N
” = “é;fgrecﬁ{r—%h;ng;};é;r;;;E‘A;E‘e;ur;ﬁ;;;r;;c m;terlals for g large (if not. an R
2 SR — class of magnetizing £ ield functions. The fowr
I - mggelé described é.hove do.not achleve this result. .The. fii'ﬁll:mgd‘eli-— T T o
B - ;;,spears “t¢ show greater Potertislitie s; “how ver the sh Lfnlze;;hgglzm IR

on this prcg“am away Irom magneti\. renardlng prevented further ;;mgastiga‘-,-m RSO S

= - tﬁons of thls t.ype.7 T SR ) - L~ ’»
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i’ : . o : | :  (3'5‘ Ferroxcube_ IIi Head Ma't;e,rlal B - o
N BEEE Samples of Feé'roxcubc T magnetic céreiziiai}érigél - g ~
S weré obtained and the magnetlc xii';énert cs were fé‘ri"“&inad by sec a;m a-»c;wt S »_ ;

D nethodss THe TioTHET 'magnetn.zatlon curve oi‘ a core materlal can

e obtained .

The circuit used for

the 60 eycle medsurements is shown :Ln F:Lgure 2.

The voitr’ne-ter was & -

Ballantine Model 300 which responds 0 the average value of the anpl:.ed

s o

H,‘Il in the sample is computed i‘rom -
= ,}fvl (See F:Lge 2) usmg equamonq s : e " s SR

3 e e o2 LR Z*'
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where: £ is the frequencJ, CESo = . _z
g

M is the mutual inductance, henries

" T o In is the peak current in samplé prjiﬁaxj}t? amperes ., g

e - - - By is the pesk-magnetizing fisld] cersteds - N

- Nl isthe n.un‘;ber of prima.r;y' turns 5

g i —-}7 is the mean lenpth of flux pa'th cm o
B 7 '1he peak induct:x.on in the saxnp".e B,H.° 48’ calculated ﬁ‘om V2 (Figg 2) usmg .

f* T b f_th_e‘ g(ﬁm&ioﬁé o D _“_ - T ‘ Mlmv *Hm -

wa - V@ mwd .

. " wnere: §, is the peak flux in the sample S O

) ’(.: \} Ny ié_ﬁhé_‘__mﬁhb'ef of sam’p'llfie secondary turns e = N ’/Ti; '

| ) ] B is the peaii‘c induct:‘-.:cnf gauss ) )

‘ ‘ & is the area of sample *ég?{“”‘ ) R N

i & ring sample of F,erro:;eubg I1T with a rectangular oross-section was aed

% ““' : Tor éhese measuréments, the sa.mp1<= d:mens:.ons WEI“c 4..11“ Iane and 19768” | . e

} 12663 om, M = 1,83 x 20~ h hepries. The results of R

. the 60 ayele Ln.easwements are plotted in F:Lguré 30 '_ ‘ o - ) - ‘ , -

o S T A S‘lOru cyl:mdrlcal sample ;f Ferrox:::zbe II_I - y

B = e

. __._ . was tested at high magnetizing L’ggges, in a Sanférda—Bennet;t hlg-h—H NN
. permeameter. In this test method, the sample 1s p ed vhmeen. ﬂle_nnlesé_u.ﬁ__ L

of a powerful e_lec-tromagn_et with the parallel end surfaces of the specime.r; . |

(S TR I KX

abutting the pole. faces; thus, the ragnetizing field is applied paraliel

o megy
AR

to the axis of the sample. Because of the variable and unknown effect of
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- - , the twe joints in the magnetic circuit, this méthod 1 useful only for - ?
' materials og relatively low permeabilij‘.;,f. For magneta.cally soft materlala 5 -
. i ' - the chief use of this methcd is the &e-\t:éraxis'“ vion of ehe_‘-_:eac-‘&eristics neay i ]
: E saturation. The resulis of the DC measureme nts are alsﬁ plotted in Figure 3. 3@9
- BRI T " Theé des.;g‘: and conniz‘{ tion of a ’m.gn fr’ecgi_'xéﬁé?j- T
7 7 7 mognetic tester for core materials wgs carried iﬁomard duri;:g this project, -
_ '- byt with the cessat.;on o't‘ the magnetic recording invest:.gatmn mrﬂ’xer =1
': T work on this tester was dlsconti.nued. At t:he tine worlk was si-vpped “the - B
L- . - ganeraL Pplan oi‘ onerut ion had been deteﬁmed, and the power supnlv‘ _pewer . g
: ‘ ) otacillator and power amu-,f:a.er had been desn.gned.‘ COnstructa.onwgf-—the
’ I N : 1}!}1%—~usme_ﬁoumatiog_zunﬁé hadliegl_n si_;azj;ego ' __,M;.A_.:,mf'f,\,v_., .-_'.'_- ";___“_ :___ :‘f‘
r* - ‘ , - - —"‘a) Tes’es on aW:.ra Sample R ) o h .
1 ) | 7 _ o
‘* (‘_‘_ : ' S , - 'T6 provide "-axf}iafimen"“l dat wh::.cn would. Deﬁ'
, ' - helpful in the establishment of a basic ferromagnet.lc model ‘& series of 75 :;
N R - f%_gsts‘ cr' a _“ng :';r amp.w WEDS performetla :ﬂ‘pe sample used fcr unese - b
lt _ ' tesus Consis d £ utrands 01 medinm cm;‘bm steel magnetlnc Tedording - -
: o wire vidd ‘1 _I‘_ml‘ml dlameters of B. 003' mcho The ]ength c:f the sample*was . )
5 o 21 mcheso__ 1:11_@ %amplé was,_ used stralght w:.t!xgpj _a__;}t?ke or re*gl;fniaath.,: - ,;_:_m;:_
| whlch allowed the_measurement oi ;f: Ve 'mr m.ma T'pmnva'i n'? . the. sample *;rgm, ,_,_mvm
. thieizoiiili. __The end effect errors due 40 the use of a st.r,a'ight ‘sample wera oy _%
i minimized by proper desn.grx of sample and equlpmento The details on the |
: - . : desmn of -the .equipment. are given in-Réport Nes 9078343 ¢ — -~ = — 1::
i The data for hysteresis loop, mitlal and — I 1

tion curves were ob't.a:med with this eqx..pmen‘b “since- 11; was

1\. P P

—these-data were the most important Starting points in the

N
(\ ) development of a ferromagnetic modelo, The eqummgnt was also used to
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Z S * determine the residpal flux in the ggmplg after oscﬂlator' gnebizing !
3 ? . ypulses had been applied. - The exponentialiy ‘é@a},‘.‘.'..g; ?:a;'renttih an ‘ |
- - osclllatory R’LC circuit was ased as the source of t};é*magnetlz:mg pulses,
Rt T ¥ et exposure to the osculatc"y pulse the re31ciual flux in the sam;le S
S " Y o det@rmingq with .:1 flmuter. An cscn.llogra":ﬁﬂiér fecar—é wasi-obta‘:ymed‘ ) ) 7
X o — . for the L} --“H relation as the ,_sﬁamp”.,l.,e Was s’ubjec‘ée,d © the decaying, . i
oscillé-.‘.ﬁﬁz if)ul.m* 'E'hes iraces show in detail the devious ri‘u“b‘e ‘u:;"_ — +
) which the flnal value of resn.d&al flux is reac g;@";g., We . )
N - be Eﬂchensign_gf_ the Fx:gqggxgy ,Ijimits_gi: Magnetie Recording =

o ¥ e el -J 'L\_w’f‘—nmz&eticu..,. Analyses &5 “-‘{"_ e »;: :—::
it S ;;j* o
o - Theereticel investigations of magnetic 7 recordlng«—« 0
phenomena can be divided into two natural d learly defined claesn.flca- . 3

tions: ‘(1) ;me_s“olgatxons of recerd:\.ng phenomena, a,nd (9) mvestlgatlons __

- - = -of .playback phéﬁomenao A.Ltns=1gn a s’cudv of playback phenemvﬁa procee;us B
| from a knowledge of the dlS‘bI‘lbu :mn ef magnemzatmn in the record:mg U
d o ﬁedlﬁxﬁlané hel: ce— éa*mot be carrled through exac+ly untll thls@qtmhutlgn-——»:-——»f
T . important characteristics of p...ayback phemmena can be deduced by making .

_m i | 7 ‘reaschable assumptions regardlng the dlstrlbut:p.on of magnetn.zatwn in a -

‘ a - _ “_recc‘f'ded‘ vmed.i’um, . I’c is possn.ble therefpre -to_inw tz‘ga"c.e p'la Rg;‘k“" —f"'—f’”‘—»‘ *‘?‘
» 7 , recording phenomena independently. It ‘should be recognized that the use ~
L T 7“jc:§‘ wulbiple channels would ailow the recom};g of e{rl; baQE“ci&T;l%,E{n” o L
I - .redsons howsver. -~£h§—~nﬁi‘dbe,z"“ A h?:me..s requlred will be de’oerm:m d "‘y — 77 T _ 3
? R : the bandwidth of each charm@l. It ;i§ theréfore reasonable to e centrate %
7 on the expans:i.on of the cr‘l‘;m“l ‘bandwidth and leave ‘the multiple channels =~ _ ;—é
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det.ermine the residual fiux in the sczmple after oscﬂlatory magnet.m;mg o

S vas b s o s o

pooes pulses had beeu appl;ech The exponen‘c.le.lw desaying. ,current inan- - i

oscillatory RLC circuit was used as the source of the magnetizing pulses.

2L A
.
I
<
v

Aftaer exposure to the escillatory pulse t *’19 residual flux in the sa.mple

I
Lo i
i

T was deterinined with a fluxmeter. An osn.llographlc reoard was ob amed

- - . - . for the J - H z'elation as the sample was subjected ] tbe decav:.nb, ) ’
;_4 . __::_ osglilatory _pulse. These traces show in deteil the d‘v:«.g;..s:‘,.“:.. B ! ,
ﬁ whlch the fmal value of vesidual flux is reached (Fig W) - . = N
‘wf# N - 1-% E};Eegsxon of ;';e rrequonc" L:.mits of Mam«uc Re cordlng E N
-__m_n ,__,__" ___ - __ S (1) Tgaeox:etloal_An,alysgs e ,-______ _:e_ “;::_ ; - l,_
P ——— T e T : T e

|- T T Theore-_‘a'_-_e.:al investigations of rr“gnei_‘,ii‘- recording -~ — | -

; (_') ~ “phenomena c__r__r be__di._..i\.ed’inte ‘OWO -natural and clearlv defmed clesm f‘}eatu-“ g;

- ! — tionss (1) mvestlgatdons of recording phenomena and (2) mvest:.gat:.ons RN
:

] ; ) o ef playback phenomenae 1lthough a .,tu v-of playback phenomena prcceeds |

Fomtd - - - et - Lo

T ) fro'n a know.:.euge of‘ the d:.str’lbut.:.on of . magnetlzatlon in the feeordlng ) ;

© ‘Hedium and gence c,dnnot ‘t;e c;z fed nhrcugh exac‘bly untll th:.e dlenrlbutlon DR S

-' :’:_—w:_.s knov;n fre; a stt,t'zd; of ~recor§ing gg‘éﬁlﬁ?ﬁ% 1t ap pears _Eia?_ the me

mxportant chfarac T stic of playback phemxnena can be deduced by mak:mg

reasonable assumptlons regardlng the dlstrlbutlon of magnet:.zat.len ina~ B

recoroed medivm., "It is possn.ble there:t‘c:re to 1nvest1gate plavuacic and

recordmg. phenomena indepéndently. It shoald be recognized that .the uss .
= - omoe— oF mudbiple - channels-would SIIow the “recording of 'amn‘y bgndmdth m.thin ;

Teasons h"wev_en.._.i:he_mmber_oﬂ- annexe-requiTed will-ve determined oy - -
.
& - =

the bandwidth of each cha_nnel. It is, -‘bh_e,refor'e reasonakle to concentrate

; (._) on the expansion of the channel bandwidth and leave the multiple channels
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tc be applied cnly after the single channcl;bandwi ith has eer.w:m reased_

oo

& T WS

-channels-is a-Simplc cxlLENsion; on the contrary' The ‘problen of maindgining =

proper phase “and synchronization of the components of the signal is very

- e - a ,
o A PR B - 3
X s . « 3 . - ’

severe. - o SIS LN A

The ba_ndwid-‘ch of magnet:i:c recording ¢an be 7

~expanded by reédesign and impravement of ‘&:he componasht uqr't\ Of present--= oo

2 a4

magznetic re cordn.ns ~ystems and/or by developing new technlques.. _ S.mce

‘a suitable ba“lc thec"y oI magnetlcs is lackmg it mllaws that Smprove-
ment ih e.l.thex of the two d“lT’Ptﬂ"lerzﬁ-.Ulirnn ahove must be b either én; :

cal or fq.ﬁdamem& ana,s.y'-ni ¢al approach. In the previous sectmn -

efforts o 1ncr'-‘ase the basn.e knowledge oi magnetics in u-gen;e,_ral w.ene,,_ﬂ_

- x

discu ussed; this sect.'ven witi- deal spec;.fic«l... —1“c.n ‘magnetic recordlng.

; & a8 o0 (h) Camna::thnn gf’ ’R dine Media 7 - - N

5= o N eCor T noliLs

- 7 \ Ebcperimenual work on-this project was for the-

most. nart eoncerned with tape recordlng ‘but, it is net to-be’ 1nferred, N“

P B Y . T

i‘rorn _th_..s t‘ﬂa" tape is he mﬂst sultable medlum on al.L counts._ 'Il_pe does

— ———- i

e_asier to handle.
Wire has the advantage over tape f-_i'om the

standpoint of volume per cycle recorded; it also has a smaller change in
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3, .
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i e

spock-Gidmstor fora given Iength 1 Egraing. Both °teel wire and sneel
tap__ehﬁui'_* a._'l.ongera.:_:he;f 1»‘!—5-’--—4:!:&“—:10"5:&964. or p.LaS'ClC tapes., The" z‘.'.el;a-i‘;ifit;e' T

imperiance 'b'f' wire ro-‘c.ation. effects, tape skew and head contact variations

have not been qul""tedo
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e T T of the various medla for a two hour racom...'ig is made. TIn this study the
i ; S e P e T
- % e e e e Y Y oW T -pmm.s Oi-Comparisch are considered‘ typical dlmen ans sical P
z fig™ Yp: “phy ]
-8 s-..ackmg factor 51gnal packmg factor Spool and resl sizss cand sneeds : j
I . o s
) E - ul‘i;lmate spneds based on stress in medn.um eddy«-c‘urrent ei'fects. The ’ }
!
q , r‘esulté of this ccmparci;’son are as follﬁwss W:Lr‘e is capable of apyr - !
o mate:ly twic‘e, he. speed of plastic tape, but, its minimom wave;engnn is T T
. - - |
|
’ appro:nmately three t:unes as long as that for tape. Wir 1_ a.,t.,zae:—f IS S
T appmxmately flfteen times the amomt of mfonnatz.on per umt volume,
I‘
Becausp of Sts Supe rid or sho 4 - V°lenath response and self synchronizing -
i - - characteristi tap '*ndicated””fﬁr’ﬁ ultiple cha.nnel uses v&nle mre

chann’el applic’a‘uio;h

o e (c) Recorﬁx ng Frovesses

{ L ] R The recording provesses in magnvtlc recordn.ng

“can be lelde 1nto two groups for the purpose of analysis; f}.) recording ok

B

a t:une ard space varylng magnetlc fl.eld (2) racprd1ng_£roce‘s‘s;es bv Whl(‘h—, f

P RE

" “the t:.me ancl space varying fleld produces a fixed dlstrlbutmn of magnet-

}»5 ization that remains on the medium after it leaves™ the recordlng head. ,
, ‘ S ' Oneof the factors which limits the highest ~ |f
L frequency which can be recorded is the shielding effect of eddy currénts B B 7 -
TA-s dnva metallic- medmm. J’i‘ﬁ;edd Earrenté prevérrxtrthf; maé—netlzmg f;'.eld S * :

AMfro 1penetrating. »'==ai:—e~~%he'luuu orof the recordmg medium. This ‘shiélding

effect depends upon the geometry of the magneti

zing field as well as upon
the signal frequency and wire magnetic and electrical properties, Thus, . -
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f ... of the various media for a two hour zzecolrding is made. In this étuéy the %

ﬁ fol;l.omna pa;s.ixjtjs of compazr iéo'n are considered: typlcal d:unene; 0 phys:Lcal z

: :Mm - ”stacl;ng.xv'x‘é;‘a;;r s:Lgn;:l D;ckimgr fac*bd; _;pool \.n"“z—'e;]j si zés an" speedsg, o |

-1 , . utm;t:p speedé basc'd on stréss in” med:um eddy-current effectsa, Tl';e : f

‘ results of th;.s comparison. are as followss. Wire is capable c:f approxi- o ;

! ~ma*ce1y tw:i.é.':e the speed of plasti;c, tap.e bu«t its m:.nmum wavel@ng:tﬁ is _ '

iﬁ#i B EEE aporommatel;}:?ﬁ'ée tmes as 1onig1;.; tha.t for tapee Wirier;;';\ii store , :‘Y:T
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